AD/A-004 688
THE MECHANISM OF THE LOW-TEMPERATURE
THERMAL DECOMPOSITION OF AMMONIUM
PERCHLORATE

Yu. P. Savnitsev, et al

Foreign Technology Division
Wright-Patterson Air Force Base, Ohio

26 November 1974

DISTRIBUTED BY:

National Technical Information Service
U. S. OEPARTMENT OF COMMERCE

e




SiEri e o e s il

e

T ST TR

S IR YT TN

F

UNCLASSIFIED o
Security Clegal i - 0 ‘5/6 /
COCUMENY CONTROL DATA-R&D

tSetwriiy clsssilication af titie, bady of sbatreci end indesing annstation muat be snisred whon ihe sversll rapert s clesallisd)

t ORIEINATING ACTIVITY (Compentie sviher) 19, NEPOAT JRCURITY CLAIMPICATION

Foreign Technolngy Division UNCLASSIFIED

Air Force Systems Command . ERGUR
U. S. Air Force

1. REROAY TITLE

THE MECHANISM OF THE LOW-TEMPERATURE THERMAL DECOMPOSITION
OF AMMONIUM PERCHLORATE

4 QRICRIPTIVE NOTRE (Tyse o roperi and Intivaive dates)

._Tr.aqs.l_gmn
¥ 4uTHOAE) (Firat name, middla Inlital, 1o et neme)

Yu, P, Savnitsev, T, V., Mulina, and V. V. Boldyrev

(s "evcaT oaTe

Te. TOTAL HO. OF PaBES 6. HO. OF REF3
1972 ’{L 1le
e CONTRLCT OR GRanNT ND %o, ORIEINATOR'S REPORT NUMBERID)
b ®RO.ECT Na. FTD-MT-24--2026-74

[

). OTHER REPORT NOINI ANP other numbera the | may bs essigned
his repert)

4

10 OTMBUTION ITATEMENT

Approved for public release; distribution unlimited.

1 SR LguENTARY NOTERS 13. ARONIORING MILITARY AETIVITY

Foreign Technology Division
Wright-Patterson AFB, Ohio

13 sBITAALT

20
Reproduted by
NATIONAL TECHNICAL
INFORMATION SERVICE - -
U3 Srbnail o Comtiin : SUBJECT TO CHAKGL.
D .'&?.'1473 . UNCLASSIFIED

| Secunty Clasaificenunn

7 s kvl e M




1

FT1D-MT- 24-2025_"74 ' .
WORKING COPY
MACHINE TRANSLATION

FTD-MT-24-2026-74 26 November 1974
CSP 73193384 4

THE MECHANISM OF THE LOW-TEMPERATURE THERMAL
DECOMPOSITION OF AMMONIUM PERCHLORATE

By: Yu. P, Savnitsev, T. V. Mulina,
and V. V. Boldyrev

English pages: 10

Source: Goreniye i Vzryv, Izd vo Nauka,
Moscow, 1972, pp., 756-7%58

Country of Origir: USSR

. Requester: FTD/PDTN
This document is 2 SYSTRAN machine aided
translation, post-edited for technical accuracy
by: Carol S. Nack
Approved for public release:
distribution unlimited.

In the interest of economy and timeliness, the original
graphics have been merged with the computer output and
editing has been limited to that necessary for compra-
hension. No further processing is anticipated.

|."|‘D_M'|'_ 24-2026-74 Date 26 Nov 1974
1/

e




DOXXOXIITOXMEION>

A1l figures, graphs, tables, equations, etc. merged into
this translction were extracted from the best quality

copy avatlable.
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U. S+ BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Iteliec Transliteration Block Italic Transliteration
a A a A, & P p P »p R, r
[ 5 & B, b C ¢ C ¢ S, s
s B vV, v T T m T, t
r r G, g Y vy Y vy U, u
2 y/ D, d ® ¢ ® ¢ F,
) E o Ye, ye; E, e* X x X «x Kh, kh
u X x Zh, zh U u U y Ts, ts
’ 3 Z, 2 Y « ¥ v Ch, ch
N H u I, ¢ m w W w Sh, sh
(] a Y, ¥ m w I Sheh, shch
X K x K, k -3 -2 it
n N a L, 1 BH v N u Y, ¥
M M u M, n b » b » :
¥ H ~ N, n 3 » 3 E, e
° O o 0, o 0 ©» 0 » Yu, yu
n 7 n P, p A = A 2 Ya, ya

e initially, after vowels, and after 4, 1b; € elsewhere,
en written as ¥ in Russian, transliterate as y¥ or ¥,
The use of diacritical marks is preferred, but such marks

may be omitted when expediency dictates.
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FOLLOWING ARE THE CORRESPONDING RUSSIAN AND ENGLISH
DESIGNATIONS OF THE TRIGONOMETRIC FUNCTIONS

Russian English
sin sin
cos cos
tg tan
ctg cot
sec sec
coBac cac
sh sinh
ch cosh
th tanh
cth coth
egch sech -
cach cach
arc sin sin-1
. arc cos cos=l
arc tg tan-1 3
arc ctg cot~1 - 3
arc sec sec-l 4
aArc cose: cac‘1 - 3
arc sh sinh-1
arc ch cosh~1
sro th tanh-1 i
arc cth coth=1 ;
arc sch sech-1 b
arc csch csch~l 3
; rot curl
- 1g log




Alpha
Beta
Gamma
Delta
Epsilon
Zeta
Eta
Theta
Iota
Kappa
Lambda
Mu

B2 e )" H OID NEBE> T >

o«

GREEK ALPHABET

O Iyt M O

T »>» X ~

Nu

X1
Omicron
P1
Rho
Sigma
Tau
Upsilon
Phi

Chi

Psi
Omega
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It is kno D in he 0 gae_of e herms l‘ln.. i £

the crystals of ammonium perchlorate at lovw temperatures occurs the

3row i Nucley

DL o3 on 1 Fpesoasgo Of aelmeoe L9 3 0 he nunde n:in of

‘the sechanism of decompasitioﬂfﬂﬁICio‘ it is necessary to know, which

stages of procacs ire 2d yi ; ich a wier She
~Arowih
merease, - 2
It is poyssible to copsider at present established that at low
tedbé?afﬁ?és tha tharmal dec0m9041t10n of anmmonium perchlnrate ;
3
coeuds by
“Lowsirebs e proton mechapism, in primacy staqe occurs the voroc-ss )
o _perchl, \omc,
of the dissociation of salr “to amzonia and s¥ocmuyn acid. The ,
{
1
with thke oxjdation of
\dreoapoiitivn)  peccmiatie. a1 .
ammonia by the products of ehiapimne—kosleky-[3-6]. Tho majority '
of » quthors Fy_assume t esses of ation and __.?
geowin _ef __ oueded oo . (g§) -
isepewne in the Exbryos are causced hy the course ‘the Y :
gtages <t : 2 i iew (Svetlov,
- — _ Xoeany_ Whse -
Koroabtan; nn,gpr, kynnai, Vays) along with the course of the indicatold
o0ccurs also the o
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formation of sub"tancbs, capahle of entering tha interaction with
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-aamonia or solid apmonium perchlorate {7, A1, Tn this case un
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igcresse i¥ the -nabryes can » also, without the course of the stage
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of dissaociationa.
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Wa have made the iﬂ&&:@%&ﬁq that the nucleatlon occurs as a
o a0 o i issociation of zalt
_o0d  Hee _acawth of nuele)

and subsequant secondary reactions, but as SR wesw 47 the eadoyow s

ke, ngy_feqenes. ated .

(H.lo. ‘and the oxides of calorine), nageatauquaheh**hsra in the conrse

(expressed P roposrtons
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number of factors on the procasqes of formation and <aercase &n tho
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Por the so>lution to the assigned task waé_bsed_tﬁe method S?" |

deping of
Sogirevaniya., During introduction to crystal NH, Clo. thn additiona of
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bivalent cations occurs the formation of s#ypinaaata:y catiorn ;
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vicancies,
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In this case because of the orasanc» jn the crystals of nrotog

c:nduct1v1ty [9] and of the pasqlblllty o7 the transmission of proton

———— PO i

to siqnificant Ajstinces {53 will be increased the rate of t+he oracess

of 1issociation. The alditions of bivalent ahions nust incress« the

\cu_tl\nc

pumbar of apionic vazancies, ﬁﬁﬂﬂﬂf{ to dimipution in th. guantity of
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being ovresent in crystal cation vacancies and to the slow down of the
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If the staqe of lissocziation is rosbonsxble for formation and
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m Ea» esbCyos, then bivalent a’l’litignﬁ gust affect the rito

“of both procosson. But if dissociation does not plav the uiqﬂ‘tlrant
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additions will affect only the rate of their groiih. In this case

hu&\u“hbn

—cation additions will increass rate of wuelei-—foeming, and pionic -

E decrease.
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2 It was established that the ﬁ;mza:ﬁ'ﬁm—hy ions cu'api sp+t
A‘BLLLJP(\ nnn’l

“increases rate of nee%e*—iosaiﬂg ha#-bj jons Cr,07 - %t decreasss.

JIc this cass additions oiffand Sfdo not affect the rate of growth of
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Xl . - o o S
*¥Fryos. Addition Cr,0, increases the rate of growth, which can bhe

., o . .
e ~ [ ac+inn
X C
: c‘loennn
oxides of chromium. Thus, by the method of i it is shown

+hs (\rr.-u.-'hr\ o5 ouclel L‘\Luflnn i —

of am—dincroase—in the eabryas ik thermolysis [ 10, 11]. If tho mad~
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2ust dlffarnntly affect formation and Twerease—in the-sahe;as kt

Aecocnpes ten
—atpnospheric pressurs 2 X i arc ulich
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developed point of view about & difference in the mechanisas of

formation and growth is accurate, then this dependence wmust not ho
_— e pueley ———
observed for the rate of growth of ewbryos. The obtained results
propesifon o
i ) ~alt wag
(nucles )
important only for nucleation,

and was not essential for thé&y*g-owth.
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~Actually, the rate of formation—ofmabryos

decreases ip proportinp *o

tt.ccurd 110G '\ri\;)
an increase in the par*lal pressure of ammoni yperbolic law, and
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o.cw.":ng o e
the rate of growth =

r\u.c\c.gl.'\'l DY,
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linearly =geaws—p in proportion to the increase in tﬁgnghrtial

' by the)
essure of perchloric acid in systen +he ad Ny nown
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ejailibrium constant of the process of the dissociation of salt r3

__}csz\z oj_  raagle)

inerense—im th: aabryes are differant.

on this _té_stigy—;&; also +he

_discavered hy us differencss in the activation energy of thesge
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processes (a~t1v3t1on en2ryy of formation is equal to Sdﬁfgai;ﬁgi;w_wﬁﬂlﬂw_"
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prozess of nucleatiosn is caused by the course of the reaction »f -

—_— -- 3

— e e T »




r‘h

3

3 AT R TR

. 09=104-74 PAGE 7 74
; : :
4 :
JI”. o : : . ‘_\“{l "q
: Adissociatior 3nd suhsaguent sacondary reactions, dbud the pracess of ;
E grovth is connected in essence with the secondary reactions, in the_a o
3 —course of ghich a=x=prg ths regepsration of the prodicts, which

i

facilitate the oxidation of solid salt,

| A
3 ~2he fact, which confirmg the osxpressed point of view, ic algo tho

predeminane g +he arousdh of pucley  pve ducann

prepondacanca cf aa=inosease—in the webryos ahnte—emergence:r%tt::&e
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NHyBr O3, NH,IOs}, 3nd thz absence of aa—iacpease—im the esboyo with =

the ¢} lysi e ¢ 11 ; 1 by t] i 4 ble of

oxidizing ammonia (NH,C]l, NHHCOs) [ 10, 11]. Assumption about *h>

2 of ' . a- . '
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’ role play the generaanq-in reaction oxides of chlorine is confiraed i
- S
hy the fact of tha agcelpratinp of nucleation in the crystals of
\?re\lr-\\no.r\\q) .
amnonium perchlorate\rEKPOSEH?;;tszstaﬂt in the dtmosphvre g o%
dioxide-
i oA inas - a zactian gases Actually, of the
crystals, exposed/paratyrent 20 min in the atmosphere with tho parrial
pressure of the diaxide of chlorine _oqual to 3 torr, time of tho .
sﬁu./uc.us)_ e e e ———
formation of rowing at linear specd 833=¥U‘15 reduced to 12 pin
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Thus, it is egtyblished thgt the process of nucleation during thorral -
w5l ) ._J%
decompositioﬂ%ﬁH.CJO. is connected with the course of the reaction of i3
Bt
ceactions. Ip the I
lf
—-_— TIVEL 1 -1 naeley - .
process of aii—imorsase—im the esbryns occur the secondary reactions of K

tie interaction of s3951id salt with those which are being regeperating

R - T3 z : ek
in the cours? of process by oxidizars. D1ssoc1at1oh{NH.C1O‘ does rot
A

" [« % ‘ §
his case of sijnificant role,

~

The proacess of nucleation can be presented in the followiny form,

hoth on

external and on internal sucface. The latter can be formed by the

—poras, which are hollaow Jislocation cores, which emerge on surface,

_ st the Sereynal)
Nuring the Aiffusioson™dd 5

awsface

U N SRR v . i _. \owey'. . - — -
of the excass of parchloric acid as a cesult of its less diffusion
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nucleation s hermoly51§TNH.c10. bpg1ns a;aer surfaup {27, since ’

%c;_m;cu.mu.\afif’nj {
g-.caonditiong

f poerchloric

ﬁ i

oo _are mare favarahle &

acid. The separation efficiency of the components of gasuous mixture

depenis, other conditions being equal, on the diameter of porae,

&
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0
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consaquently, the important role in the course of nucleation Sex

. : 0 . 2 and the oricaotation af

o, . : APt
I

Burgzrs*s vector. ﬂ% investigation of the role of dislocations

cltd.\t‘.q-\u\ c' nuenbef of erdicles )

=aariog [ 17

yotil

Lwest
nou??%amafwa that—yhigh-—ess not solved qunst:un; vhy in the process of

present in the initial crystal. Probably this is caused by the

favorable sterapchanical arrsngement of dislocations, anzlaqous xith

St —
that as-4iets—vas ravealed by Thowas €£or the carbonateof calcium 7167,

Far tho nrg]anafinn af the role of diglocations taqathar gith

Thomas and Williams wa stuiled thp 1is locatlon structure of anmoniunm

parchlorate, Investigations were conducted hy the methol of aptical S

ey l.L !').'j.,__.__ e Y e [Tl 1 ¢ S]] e mpprmmm . i g 3 2 18 i o [ -
mlcroacopy iaﬂ=iﬂhdatt:nttitzttxan=nﬁ:za interfarential can*raat. [t
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